Figure S1 
Supplemental Experimental Procedures
Cell Culture, dsRNA synthesis and transfections Drosophila S2 cells were cultured at 23 °C in Schneider's insect medium (Sigma)
supplemented with 10% heat-inactivated fetal bovine serum tested for Insect cell culture (Intermountain Scientific and Sigma) and 1:100 Penicillin-Streptomycin (Gibco).
For the dsRNA synthesis we followed the protocols described by the Drosophila RNAi Screening Center (http://www.flyrnai.org/DRSC-PRS.html). We produced dsRNA by in vitro transcription using the MEGAscript T7 kit (Ambion). PCR amplicons were generated from genomic DNA with the primers designed by the DRSC where the T7 promoter was added:
velodsRNA: DRSC08841
SUMOdsRNA: DRSC03611
PcdsRNA: DRSC24966 dsRNA was purified using NucAway Spin Columns (Ambion). For RNAi experiments, cells were transfected by bathing in 6-well plates. 1.5 x10 6 cells per well were resuspended in 1 mL of serum free medium and incubated with 10 µg dsRNA at RT for 30 min, before addition of 3 mL complete media with 10% FBS to each well. The cells were harvested 3 days later.
Screen protocol
We initially screened two RNAi libraries from the Drosophila RNAi Screening Center The remaining 324 wells were not transfected and served as negative controls.
Every procedure of the screen was performed on batches of 4 or 6 384-well plates. To transfect the dsRNA, for each well, 10 4 cells in 10µL in serum free media were seeded into wells containing 5µL of ~0.05µg/µL dsRNA in water (~0.25µg dsRNA per well). 45 min after seeding the cells, 30µL of 15% FBS media was added to each well.
For every plate, four wells contained dsRNA targeting the Green Fluorescent Protein (GFP). We used these wells as negative controls. Additionally, each plate had 4 wells containing dsRNA targeting the gene th and 4 wells containing dsRNA targeting the gene rho. These knockdowns produce cell death and large nuclear sizes respectively, which is easily identifiable under a phase contrast microscope. These wells were used to qualitatively asses the efficiency of the transfections before the IF procedure. In each plate, we custom added dsRNA targeting Pc in 4 wells. These wells were later used to assess the efficiency of the experiment qualitatively during image acquisition and quantitatively in later phases.
Cells were fixed 72 hours after dsRNA transfection, Pc was fluorescently immunostained (IF) and DNA was fluorescently labeled with DAPI. 10µL of 16% PFA (Thermo Scientific, Hudson, USA) was added to each well followed by centrifugation at 1000 rpm for 1 min. 10 min after adding the PFA we proceeded to wash 3 times for 5 minutes with PBS. By adding directly the PFA to the culture medium and centrifuging the cells, we minimized cell loss during subsequent procedures.
During all the procedure, we used a WellMate (Thermo Scientific) to add the reagents and a VP186L manual manifold (V&P Scientific Inc. San Diego, USA) coupled to a vacuum pump to remove the reagents. To minimize and localize the loss of cells, we tilted the plates and gently removed the reagents always from the same corner. The IF procedure is as follows: (1) mg/mL DAPI in PBS, (9) wash twice 5 min with 30µL of PBS and (10) added PBS as imaging medium. All steps were carried out at room temperature. After IF, plates were sealed to prevent evaporation and we immediately proceeded to imaging.
Image acquisition
Screened plates were imaged in an Opera microscope (Perkin Elmer). This microscope is a spinning disk confocal microscope equipped with a 60x/NA1.2 and providing a lateral resolution of 0.25µm. Sequential images were acquired using the corresponding settings All other images were acquired in either a Zeiss CLSM780 or a Leica SP8 confocal microscope. In both microscopes we used high magnification oil immersion optics. For the automated image acquisition of S2 cells we used the Leica SP8 in combination with
MatrixScreener (Leica). Cuticles in dark field were acquired using a Zeiss Axioimager equipped with a 10x objective.
Image analysis
The images corresponding to the three z optical slices were maximum intensity projected along the z-axis into a single image using ImageJ (U. S. National Institutes of Health, Bethesda, Maryland, USA, http://imagej.nih.gov/ij/). This produced a more homogeneous nuclear size while keeping a good contrast ( Figure S2D ) and conveniently reduced the dataset by a factor of three. We also used ImageJ to convert the FLEX proprietary file format into a convenient tiff standard.
The rest of the image analysis procedure was performed using CellProfiler (Carpenter et al., 2006 ) (Broad Institute Imaging Platform, MIT/Harvard, Cambridge, USA, http://www.cellprofiler.com). In short, nuclei, heterochromatin and euchromatin were segmented using the DAPI signal. These will be referred to as "objects". For the images as a whole and for every single object parameters were measured. These parameters describe the intensities, intensity distributions (granularity and texture) of the images and objects, and the shapes of the objects in both channels (DAPI and IF of Pc) as well as intensity correlations between them. For a detailed list of all the parameters descriptions and the algorithms used in their calculation, we refer to the user's manual of CellProfiler (version 1) (http://www.cellprofiler.org). For visual inspection of the results, colored images were exported where the outlines of detected objects were superimposed.
We visually confirmed the accurate selection of nuclei in random samples of images.
Images were analyzed at the Orchestra computer cluster of Harvard Medical School and the resulting measurements were exported as CSV tables.
For GFP redistribution quantification, GFP and DAPI images were maximum intensity projected and used to segment the transfected cells using similar procedures as for the genome wide screen. Integrated intensities were measured on average intensity projections and Maximum and Standard Deviation intensities were measured in maximum intensity projections.
Statistical procedures
Data analysis was performed using the R software package (R Foundation for Statistical
Computing, Vienna, Austria. http://www.R-project.org). Data tables were summarized into three values per parameter and per well: mean, median and standard deviations for all parameters assigned to images in the well and for all the parameters assigned to objects in the well.
To be able to compare all parameters across plates and independently of the units, we normalized all the data using the B-score (Brideau et al., 2003) . Once normalized, we produced, for every plate and parameter, a graphical representation of the two or three replicates where a color code represents the B-score (Figures S2). In the same sheet, a second plot shows the wells that are automatically selected as weak, moderate and strong hits. The criteria to consider a well as a hit for a particular parameter are as follows:
-Weak: All replicas show for that parameter a B-score above 1.4 or below -1.4.
-Moderate: For that parameter, one replica shows a B-score above 2.5 and the others above 1.2 or one replica shows a B-score below -2.5 and the others below -1.2 -Strong: All replicas show for that parameter a B-score above 2.5 or below -2.5
Parameters were separated into two groups, the ones measured on the DAPI signal and the ones measured on the IF of Pc. Wells were graded according to their highest grading in the DAPI parameters and their highest grading in the IF-Pc parameters. Wells scoring in the DAPI parameters higher than in the IF-Pc were not considered further. Following these procedures, all positive controls (Pc KDs) were detected as strong hits and none of the negative controls (GFP KDs) were detected as hits.
We observed the graphical representations with all the parameters on the Control Plates ( Figure S2 ) and extracted a list of 41 parameters that were significantly changed by our positive controls (known PcG genes KDs) and used this list of parameters to cluster the genes. Clustering (Figures 1, S3 and S4) was performed using the gplots package in R.
Euclidean n dimensional distance was computed in combination with ward clustering. To cluster the positive genes into a discrete number of groups (Figure 2 ) we used k-means clustering. We tested different arbitrary numbers for the k-means clustering and found that the data could be robustly classified into four clusters. We defined four groups in 25 different random start configurations and a maximum of 500 iterations.
Secondary screen images were analyzed similarly and data were normalized using the Normalized Percentage Inhibition method. This method does not assume the majority of the samples to be negative, but places the value of a well measurement in a scale delimited between the negative and positive control means, that are assigned the values of 0 and 1 respectively.
Statistical significance in boxplots (Figure 2 ) was calculated using Welch's t-test. Pvalues were corrected for multiplicity of comparisons using the Bonferroni method and a number of comparisons equal to 53000, corresponding to all the dsRNAs screened, including replicas.
Fly strains, handling and genetics
The binary GAL4/UAS system (Brand and Perrimon, 1994 ) was used at different temperatures, 25ºC and 29ºC, with the following GAL4 drivers: en-Gal4, nub-GAL4 and nanos-GAL4, available at the Bloomington Drosophila Stock Centre. Note that the enGal4 line could not be used for KD of smt3 because the imaginal discs are very small, since SUMOylation is required for proliferation of imaginal discs during development (Kanakousaki and Gibson, 2012) . RNAi stocks are coming either from the Vienna Drosophila RNAi Centre (velo KK112690) or from the TRiP stock collection (smt3 P-JF02869).
Wings of adult flies and cuticles preparation
To analyze the wings of adult flies, flies stored in a mixture of ethanol:glycerol (3:1)
were washed in water at 60ºC for 5 minutes, cut and incubated with KOH 10% at 60ºC for 10 minutes. KOH was removed and cuticles washed with water, dehydrated in ethanol and mounted in Euparal.
For cuticle preparations, 24-hour-old embryos were mounted in Hoyer's and visualized with dark field microscopy.
Plasmid Constructions
The constructs were made using the Drosophila Gateway Vector Collection (Drosophila Genomics Resource Center at Indiana University.): destination vectors pAGW, pAFW, pAHW, pAFHW (p-Promoter-tag-protein). The promoter used was A= Actin5C. The proteins were tagged with: G= EGFP, F= 3xFLAG, H= 3xHA and FH=3xFLAG-3xHA.
cDNA clones were obtained from Drosophila Genomics Resource Center 
SUMO S caccATGTCTGACGAAAAGAAGGGAGGT SUMO AS ttaTGGAGCGCCACCAGT
All PCR products were cloned into pENTR/D vectors (Invitrogen), confirmed by sequencing, and transferred to the appropriate vectors by recombination using LR Clonase (Invitrogen).
Generation of Polycomb mutants and Velo mutant in the catalytic domain
Site-directed mutagenesis was carried out with the QuikChange Site-Directed
Mutagenesis Kit (Agilent technology) using the following primers to generate the point mutations of PC in the Lys 129, 145 and 268:
a386g S CCACGATAAGGAGTCGAGGAAGGAGAAGAAGCACC a386g AS GGTGCTTCTTCTCCTTCCTCGACTCCTTATCGTGG a434g S CCATCATCACCACATCAGGTCCGAACGCAACAGTG a434g AS CACTGTTGCGTTCGGACCTGATGTGGTGATGATGG a803g S CTGCAACGCAGCTGAGATCTGAGCAGCAGGC a803g AS GCCTGCTGCTCAGATCTCAGCTGCGTTGCAG
The following primers were used to generate a point mutation in velo disrupting the catalytic domain. These primers introduce a change from codon TGC to AGC at amino acid 502 of the short velo transcript resulting in a cysteine to serine change:
t1504a S GAACAACTTCACCGATAGCGGCCTGTATCTGCTGC t1504a AS GGCAGCAGATACAGGCCGCTATCGGTGAAGTTGTTC

Immunostaining analysis of imaginal discs and polytene chromosomes
Imaginal discs were dissected and stained as previously described (Gonzalez and Busturia, 2009 ). The primary antibodies used were rabbit anti-Pc (1:500) (Grimaud et al., 2006) , rabbit anti-Ph (1:200) (Schuettengruber et al., 2009) , mouse anti-Ubx (1:20) (White and Wilcox, 1984) , mouse anti-ABD-B (1:20) (Celniker et al., 1989) , rabbit anti-H3K27 (Millipore 07-449), mouse anti-FLAG (M2, Sigma), mouse anti-HA (HA-7, Sigma) and mouse anti-PolII (Millipore 05-623), rabbit anti-Velo (1/100) and rabbit antiSumo (1/200). Images were generated using a LSM510 META (Zeiss) confocal microscope and subsequently analyzed using Photoshop (Adobe Systems Inc.).
Drosophila polytene chromosomes preparation and immunostaining was performed as previously described (Lavrov et al., 2004) . The primary antibodies used were: goat antiPh (1/500), rabbit anti-Pc (1/100), rabbit anti-Velo (1/200) and rabbit anti-SUMO
(1/100). Chromosomes were counterstained with DAPI (Sigma). Images of labeled chromosomes were acquired with a Leica microscope equipped with a digital camera and analyzed using Photoshop.
Antibody production
The Gateway cloning technology ( 
In vitro SUMOylation assay
SUMO-3 Conjugation Kit (BostonBiochem) was used for the in vitro SUMOylation assay. The reaction was carried out at 37°C for 1 hr with the mixture including E1 (44 ng), UbcH9 (0.2 µg), SUMO-1 (2.64 µg), ATP (1 mM), and GST-Pc (1 µg) as substrate purified from bacteria. All four SUMOs have high homology with Drosophila Smt3.
However SUMO3 has the highest identity (71%) to Smt3. 
In vivo
Cell fractionation
Nuclear and cytoplasmatic fractions were separated as described above. The nuclear fraction was ultracentrifuged at 100,000 rpm for 1 h to separate the chromatin fraction and the soluble fraction. The chromatin pellet was resuspended in 250 µL of Buffer 1 and aliquots of each fraction were analyzed by Western Blot analysis.
Cell cycle analysis by FACS
10 6 S2 cells were trypsinized, resuspended in serum containing medium and centrifuged at 1100 rpm for 5 min. Cells were washed with 3-4 mL of PBS, centrifuged at 1100 rpm for 5 min and resuspended in 1 mL PBS. 2.5 mL of ethanol 100 % were added drop-wise while vortexing and cells were placed at -20 °C overnight. Cells were centrifuged at 2000 rpm at 4 °C for 10 min. Cells were washed with 3-4 mL PBS, resuspended by pipetting, centrifuged at 2000 rpm for 10 min. Pellet was resuspended in 1 mL of PBS, RNAse A at 50 µg/mL were added and incubated 30-60 min at 37 °C. Cells were incubated in the dark for 10-15 min with 20-50 µg/mL Propidium iodide (PI) prior to flow cytometry analysis.
PI was detected with FL3-H detector on FACS Calibur. Aggregates were eliminated by FL3-A vs FL3-W plot.
RT-qPCR
Third-instar larval imaginal wing discs were dissected in Schneider's Drosophila Medium (Sigma) and 30-40 discs were taken for RNA isolation using TRIzol reagent (Invitrogen). 300-400 ng of total RNA were used for the RT reaction. RT was performed using the Superscript III First Strand Synthesis Kit (Invitrogen) following manufacturer's instructions and using oligo-dT primers. cDNA quantifications were performed by realtime PCR, using a Roche Light Cycler and the Light Cycler FastStart DNA Master SYBR green I kit (Roche). Expression levels were normalized to Rp49. Primer sequences used were:
PC_ex2_S1 AGCAGGAGTTTGTAAATTCCCCG PC_ex2_AS1 TGCCTTTATGGGTTCAGAGCGG
Primers used for Quantitative qChIP experiments of wing imaginal discs
The precipitated DNA was analyzed by qPCR using following primers for several known PREs. Binding levels were normalized to the Input. 
Chromatin immunoprecipitation
ChIP on wing imaginal discs was done as described in (Schuettengruber et al., 2009) . 50
wing imaginal discs were used per IP experiment. For ChIP on S2 cells, cells were cultured to 90% confluence in 75-cm flask, and ChIP was done essentially as described in (Schuettengruber et al., 2009) 
ChIPseq data analysis
Sequencing overview
The data have been sequenced in duplicate using HiSeq2000. Sequencing was using multiplexing techniques. Duplicates were sequenced in different runs. Base-calling, demultiplexing, adapter removal, pre-quality controls and alignment on Drosophila melanogaster reference genome have been performed using Casava 1.8 from Illumina with standard parameter settings. After alignment, each dataset contained at least 28 million of reads for Pc, 30 million for Sumo, 19 million for Velo and 31 million for each input replicate. We then estimated the genome coverage, which is the number of nucleotides on the genome that are covered by the tags that are sequenced. Every 100,000 reads the part of the genome that is covered is computed. By plotting the curve of the part of the genome that is covered by the reads as a function of the number of reads sequenced, a plateau (which is defined as a gain lower than 3bp per extra read) is obtained with 8.7 million of reads for Pc, 8.4 million of read for Sumo and 7.8 million of reads for Velo. This indicates that the genome coverage was complete in all experiments.
The diversities (number of distinct genomic positions across the reads) go from 42% to 67% for Pc, 40% to 77% for Sumo and 23% to 34% for Velo, which is a standard value range in ChIP-Seq experiments. The correlations between replicates were then computed using the Pearson correlation test. Pearson correlation coefficients were calculated based on reads mapping to chromosome 3R. The chromosome was divided into 500 bp bins.
Each read was assigned into an individual bin if its 5' starting coordinate was included within the start and end interval of the bin. All reads within each bin were summed and
Pearson correlation was calculated between pairs of binned datasets. The scores are 0.82 between PC duplicates, 0.83 between Sumo duplicates, 0.76 between Velo duplicates and 0.73% between the input duplicates.
Peak calling
All the analysis were performed using MACS (Zhang et al., 2008) , version 1.4.2, with a genome size of 120Mb and a pvalue fixed to 10 -5 on cumulated duplicates. Of the peaks given by MACS, only those with fold enrichment above 2 and coverage above 20x were kept. The first replicate of PC has a mean coverage of 13.9x on the genome, whereas the mean coverage on the enriched regions is 63.7. The first Sumo replicate has a mean coverage of 12.7x on the genome, to be compared with a 40x mean coverage in enriched regions. Finally, the first Velo replicate has a mean coverage of 7.6 on the genome, whereas the mean coverage in enriched regions is 25.5.
Assignment of genes to enriched regions
The method is based on the one used by ModEncode, where regulatory elements in Drosophila were mapped relative to putative target genes (Negre et al., 2011) . A gene is considered as marked if an enriched region is located between 1kb upstream of one of the TSSs of the gene, and a distance downstream equal to the minimum between the length of the longest gene transcript and 2kb. The annotations used to assign genes to enriched peaks were computed using dedicated scripts and the annotated genome version 5.52
from Flybase.
Comparison between PC, SUMO and Velo bound regions
To produce the Venn diagram, the enriched regions of PC, SUMO and Velo have been grouped into clustered regions. A clustered region is a genomic region where overlaps between regions enriched by two or three of the factors have been detected. Each clustered region is thus defined as starting at the most proximal coordinate and ending at most distal coordinate of the corresponding regions of overlap. Therefore, the final regions retained for PC, SUMO and Velo contain the clustered regions as well as individual regions for each of the factors in the cases where no overlap exists.
FRAP experiments
FRAP experiments were performed on a Carl Zeiss CLSM780 microscope equipped with GaAsP detectors. Nuclei of wing imaginal disc expressing PC-GFP were half bleached 4s after the beginning of 2D time-lapse experiments during 5s. 2D time-series were recorded for 2 min at a rate of 1 frame every 2s. Measurements of average intensity of PC-GFP were done using the ZEN software package (Zeiss).
